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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain in a high yield, an optically active Q 
alcohol at a high enantiomer excess ratio using a small amount of a 

catalyst by the hydrogen- transfer type asymmetric reduction of a || i 

specific ketone by a specific amount of formic acid as a hydrogen donor _ ■ 

in thepresence of a specific catalyst and an amine. 

SOLUTION: This composition shown by formula II is obtained by the 

hydrogen-transfer type asymmetric reduction of (A) a ketone shown by 

formula I [R1 and R2 are each a (substituted) aromatic hydrocarbon, an 

aliphatic hydrocarbon, an alicyclic hydrocarbon, or a heterocyclic group, 

or can form a ring together] by (B) formic acid at a 1-100 molar ratio to OJHE 

component A as a hydrogen donor in the presence of (C) a transition . 

metal catalyst and (D) a tertiary amine (e.g. triethylamine) in an excess I 

amount to component C and a 0.01-100 molar ratio to component A, p i _ » 2 n 

with a B/D molar ratio being 2.2 or smaller in the reaction system. ^ Vf 

I 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) 
[Formula 1] 

O 

II (I) 
R 1 -C-R* 

(Among a formula, R1 differs from R2 mutually, and they express the aliphatic hydrocarbon radical of the 
aromatic hydrocarbon radical and saturation which may have the substituent, or partial saturation, a ring type 
aliphatic hydrocarbon radical, or a heterocycle radical.) R1 [ moreover, ] And R2 joining together — a ring — you 
may form — general formula (II) characterized by the mole ratio of the formic acid which exists in the system of 
reaction to an amine reacting within the limits of 2.2 or less in case it returns by the hydrogen migration mold 
asymmetric reduction reaction which makes the ketones shown the bottom of existence of a transition metal 
catalyst and tertiary amines, and makes a formic acid a hydrogen donor 
[Formula 2] 

OH 
I 

R 1 -C* -R a (II) 
I 

H 

( — the manufacture approach of optical-activity alcohol by which R1 and R2 are shown by the formula 
(synonymous with I)) among a formula. 

[Claim 2] It sets to a general formula (I) and is R1 . And R2 Either is a carbon number 1 thru/or the alkyl group of 
4. Another side is a XnAr— radical (Ar expresses an aromatic hydrocarbon radical or a heterocycle radical among 
a formula X). A hydrogen atom, a halogen atom, a carbon number 1 or the alkyl group of 4, a carbon number 1 , or 
4 halo alkyl groups, Expressing a carbon number 1 thru/or the alkoxy group of 4, a carbon number 1 or the 
haloalkoxy radical of 4, a carbon number 1 or the alkylthio group of 4, a carbon number 2 or the alkynyloxy 
radical of 6, a cyano group, a nitro group, or an aryl group, n expresses the integer of 1 thru/or 3. however, when 
n is 2 or 3, two X which may differ even if the same, and adjoins may coalesce, and X may form Ar and the 
condensed ring — it is — the manufacture approach of the optical-activity alcohol according to claim 1 
characterized by things. 

[Claim 3] The manufacture approach of the optical-activity alcohol according to claim 1 or 2 characterized by 
collecting amines and recycling this amine in the system of reaction from the reaction mixture obtained after 
reaction termination. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of optical-activity alcohol. It is 
related with amelioration of the approach of returning in detail by the hydrogen migration mold asymmetric 
reduction reaction which makes ketones the bottom of existence of an amine and makes a formic acid a 
hydrogen donor. The approach of this invention is suitable for composition of optical-activity alpha methylbenzyl 
alcohol useful as a synthetic intermediate product of a remedy and agricultural chemicals. 
[0002] 

[Description of the Prior Art] Optical-activity alcohol is a compound important as intermediate field of a remedy 
and agricultural chemicals, and the hydrogen migration mold asymmetric reduction reaction which makes a 
ketone a substrate is known as one of the effective synthesis method of the. A hydrogen migration mold 
asymmetric reduction reaction is an asymmetric reduction reaction which makes hydrogen-donating-property 
compounds, such as isopropanol and a formic acid, the source of hydrogen, and is a reaction which was excellent 
in the field of safety or profitability compared with hydrogen gas reduction or borohydride reduction. 
[0003] Noyori and others is indicating the asymmetric reduction approach of the ketone which makes formic- 
acid-triethylamine azeotropic mixture (formic acid: triethylamine =5:2 (mole ratio)) the source of hydrogen in 
J.Am.Chem.Soc., and 118 and 2521 (1996), and makes a ruthenium compound a catalyst. Since the carbon 
dioxide produced from a formic acid in this reaction is removed out of a system, when isopropanol is used for the 
source of hydrogen, high equilibrium conversion is attained, and high dissymmetry yield is attained by the 
molecule catalyst. 
[0004] 

[Problem(s) to be Solved by the Invention] However, hydrogen migration mold asymmetric reduction reactions 
including the above-mentioned approach have the problem that a reaction rate is originally slow and the bottom 
of the conditions of 200 also takes the reaction time of about 20 hours to the mole ratio (S/C) of a substrate to 
a catalyst at a room temperature. In industrial manufacture, this invention aims at offering the manufacture 
approach of optical-activity alcohol that high chemistry yield and the high rate (it is hereafter written as ee) of 
an overenantiomer are obtained in the smaller amount of catalysts. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, as a result of 
inquiring wholeheartedly, when this invention persons return ketones by the hydrogen migration mold asymmetric 
reduction reaction which makes a formic acid a hydrogen donor, by reducing the mole ratio of a formic acid to an 
amine from a composition ratio, they find out that a reaction rate improves substantially and came to complete 
this invention. That is, the summary of this invention is a general formula (I). 
[0006] 
[Formula 3] 

O 

II (I) 
R 1 -C-R* 

[0007] (Among a formula, R1 differs from R2 mutually, and they express the aliphatic hydrocarbon radical of the 
aromatic hydrocarbon radical and saturation which may have the substituent, or partial saturation, a ring type 
aliphatic hydrocarbon radical, or a heterocycle radical.) R1 [ moreover, ] And R2 joining together — a ring — you 
may form — general formula (II) characterized by the mole ratio of the formic acid which exists in the system of 
reaction to an amine reacting within the limits of 2.2 or less in case it returns by the hydrogen migration mold 
asymmetric reduction reaction which makes the ketones shown the bottom of existence of a transition metal 
catalyst and tertiary amines, and makes a formic acid a hydrogen donor 
[0008] 
[Formula 4] 



OH 
I 

R 1 -C° — R* (II) 
I 

H 

[0009] ( — R1 and R2 are in the manufacture approach of the optical-activity alcohol shown by the formula 
(synonymous with I)) among a formula. Moreover, this invention collects amines by distillation from the reaction 
mixture obtained after reaction termination, and is in the manufacture approach of the optical-activity alcohol 
characterized by recycling this amine for a reaction. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. The ketone of the raw material 
used by this invention is shown by the formula (I). It sets at a ceremony (I) and is R1. And R2 The heterocycle 
radical containing atoms, such as aliphatic hydrocarbon radicals, such as an aromatic hydrocarbon radical of a 
monocycle or many rings, a straight chain or an alkyl group of branching, an alkenyl radical, and a cycloalkyl 
radical, nitrogen, oxygen, and sulfur, may specifically be expressed, and these radicals may have the substituent 
further. However, R1 R2 It is not the same. 

[001 1] It sets at a ceremony (I) and the ketone especially with the high applicability of this invention approach is 
R1. And R2 Either It is the alkyl group of C1 - C4, and another side is a XnAr-radical (Ar expresses an aromatic 
hydrocarbon radical or a heterocycle radical among a formula X). A hydrogen atom, a halogen atom, and C1 - C4 
An alkyl group, and C1 - C4 Alkoxy group, C1 - C4 A halo alkyl group, and C1 - C4 A haloalkoxy radical, and C1 
- C4 An alkylthio group, and C2 - C6 Expressing an alkynyloxy radical, a cyano group, a nitro group, or an aryl 
group, n expresses the integer of 1-3. however, two X which may differ even if X is the same, and adjoins when n 
is 2 or 3 — coalescing — Ar and the condensed ring — you may form — it is the ketone shown. 
[0012] A phenyl group and a naphthyl group are mentioned as an aromatic hydrocarbon radical specifically shown 
by Ar, and a pyridyl radical, a thienyl group, a thiazolyl radical, etc. are mentioned as a heterocycle radical. As a 
halogen atom shown by X, they are;C1, such as a chlorine atom, a bromine atom, and a fluorine atom, - C4. As 
an alkyl group or an alkoxy group A methyl group, an ethyl group, n-propyl group, i-propyl group, n-butyl, Alkyl 
groups, such as i-butyl, sec-butyl, and t-butyl, the alkoxy group corresponding to this, etc.; C1-C4 As a halo 
alkyl group and a haloalkoxy radical Halo alkyl groups, such as a chloro methyl group, a trifluoromethyl radical, a 
difluoro ethyl group, and a pentafluoro ethyl group, the alkoxy group corresponding to this, etc.; C1 - C4 As an 
alkylthio group, the alkylthio group corresponding to the above-mentioned alkyl group is illustrated. Moreover, a 
propargyl oxy-radical, a butynyloxy radical, etc. are illustrated as an alkynyloxy radical. 

[0013] Moreover, about XnAr- two adjoining X, a methylenedioxyphenyl radical, an ethylene dioxy phenyl group, 
etc., may coalesce, and Ar and the condensed ring may be formed. As most desirable example as a raw material 
of this invention, an acetophenone, m-chloroacetophenone, m-fluoro acetophenone, m-trifluoromethyl 
acetophenone, m-trifluoro methoxy acetophenone, a phenylethyl ketone, a phenyl isopropyl ketone, a phenyl-n- 
propyl ketone, a phenyl-n-butyl ketone, 1-Inn Danone, alpha-tetralone, etc. are illustrated. 
[0014] In this invention, a formic acid is used as a hydrogen donor. As a formic acid obtained industrially, 
although the thing of various moisture content is available, in this reaction, what has a moisture content few if 
possible is desirable, and a formic acid is specifically illustrated 99% of the weight, as the mole ratio of a formic 
acid to the ketone used as a raw material — 1-100-mol twice — desirable — 1-10-mol twice — 1-1.2-mol 
twice are illustrated still more preferably. 

[0015] In this reaction, a ketone and the formic acid of an equimolecular amount are consumed in a reaction. As 
the brewing approach of a formic acid, there are an approach of making ****** mixing the formic acid of an 
equimolecular amount thru/or an excessive amount, and a method of advancing a reaction, while adding a formic 
acid continuously or intermittently. It is useful to advance a reaction, adding a formic acid in respect of the 
improvement in productivity, and evasion of a run away reaction. 

[0016] It reacts by making an amine live together in this invention. As an amine, tertiary amines, such as 
secondary amines, such as primary amines, such as ammonia, monomethylamine, and benzylamine, 
dimethylamine, and diethylamine, a trimethylamine, triethylamine. Tori n propylamine, and a pyridine, are used. A 
tertiary amine is suitable in these, the third class fatty amines, such as a trimethylamine, triethylamine, and Tori 
n propylamine, are desirable, and especially triethylamine is desirable. 

[0017] as the mole ratio [ usually as opposed to / although an excessive amount is required for the amount of an 
amine to a catalyst at least and the optimal charge of an amine changes with a raw material ketone or activity 
amines / a raw material ketone ] of an amine — 0.01-100 — it is preferably carried out in 0.1-2. This invention 
is characterized by performing the mole ratio (it considering as "a formic acid / amine ratio" hereafter) of a 
formic acid to an amine within the limits of 2.2 or less. The maximum charge of a formic acid is determined 
according to the abundance of an amine. Desirable formic acid / amine ratio are one or less. Since a formic acid 



is consumed with progress of a reaction, when the charge of a formic acid is one or less to a ketone, with 
progress of a reaction, a formic acid / amine ratio is set to 0, and a reaction stops it. A reaction is resumed by 
adding a formic acid again. 

[0018] Moreover, it is known that various tertiary amines will generate a formic acid and azeotropic mixture (2 
No. Society of Synthetic Organic Chemistry, Japan, 34, 67 (1976)), and it is also possible to use formic-acid- 
amine azeotropic mixture as a method of supplying a formic acid and an amine in this invention. The mole ratio to 
the formic acid of the amine in azeotropic mixture is usually 2.3 to 2.5, and it is desirable by adding an amine to 
formic-acid-amine azeotropic mixture in this invention to prepare to suitable formic acid / amine ratio. 
[0019] As a catalyst of this invention, the hydrogen migration mold dissymmetry reduction catalyst generally 
known is used. It is the transition-metals compound which has a ligand [ optical activity / as a general gestalt of 
a catalyst ], and they are a U.S. Pat. No. 4,053,521 description, JP,62-273989,A, and Tetrahedron as these 
examples. The catalyst indicated by Lett.38 t the No.2,215 (1997) and WO 97/No. 20789 official report, etc. is 
illustrated. Although a ruthenium, a rhodium, iridium, samarium, etc. can be illustrated as transition metals, it is a 
ruthenium preferably. 

[0020] As a ligand, an optical-activity phosphine derivative, the optical-activity amine derivative, the optical- 
activity amino phosphine derivative, the optical-activity amino alcohol derivative, the optical-activity amino acid 
derivative, etc. are known, and optical activity 1 and 2-diphenyl ethylenediamine derivative are excellent in these. 
An optical-activity catalyst is prepared by making a ruthenium compound and an optical-activity ligand react to 
the bottom of existence of a base or un-existing in a solvent generally, as the ruthenium compound used as a 
raw material — [RuCI2] (cymene)2, [RuCI2] (mesitylene)2, and [RuCI2] (benzene)2 etc. — the ruthenium (PPh3) 
phosphine complex of a ruthenium allene complex, RuCI2, etc. is mentioned. Although a reduction reaction may 
be presented with the prepared optical-activity catalyst as a concentrate of the preparation rough liquid 
containing it, it performs purification actuation of recrystallization etc. further preferably, and uses it for a 
reaction as a pure optical-activity complex. Optical activity 1 and the typical example of the ruthenium complex 
which has 2-diphenyl ethylenediamine derivative as a ligand are indicated by WO 97/No. 20789 official report. 
The ruthenium allene complex, optical-activity ligand, and optical-activity ruthenium complex which are used 
typically are shown in a table -1, a table -2, and a table -3. 
[0021] 
[A table 1] 

^- l Af-OATl/>a# [RuC l 2 (arene)] 2 



arene = 




Ml M-2 U-3 M-4 



[0022] 
[A table 2] 



5-2 **«ttEtt-T- 




H 2 N NH 2 H 2 N HN-p-Ts HgC-NH HN-p-Ts 

L-l L-2 L-3 




KO NHCHg HO NK 2 HO NHCH 3 



L-8 L-9 L-10 

a a a ^ 

Ph 2 P NH 2 Pli 2 P NHCH 3 Ph 2 P N(CH,> 2 Ph 2 P NH 2 

L-l 1 L-12 L-13 L-14 

[0023] 

[A table 3] 



3?- 3 jfc^Stt^x-tfAfc* 





[0024] Although the amount of catalysts changes with substrates, 100-100000, and usual are carried out by 
200-10000 as a substrate / a catalyst mole ratio (S/C). Although reaction temperature is not especially limited 
since the optimum-temperature range changes with catalysts, it is preferably carried out in -20-100 degrees C. 
In order to obtain a practical reaction rate and high ee f it is still more desirable to carry out in 10-60 degrees C. 
Although reaction time will be shortened and optical purity will fall if reaction temperature is generally raised, it is 
effective as an approach of raising chemistry yield to raise temperature in a culmination, corresponding to 
progress of a reaction, maintaining optical purity. 

[0025] As an example of the optical-activity alcohol shown by the formula (II) manufactured in this invention 
Optical-activity 1 -phenyl ethanol, optical-activity 1 -(3-chlorophenyl) ethanol, Optical-activity 1-(3-fluoro 
phenyl) ethanol, optical-activity 1 -(3-trifluoro methylphenyl) ethanol, Optical-activity 1 -phenyl isopropanol, 
optical-activity 1-phenyl-n-propanol, an optical-activity 1-phenyl-n-butanol, optical-activity 1-indanol, optical- 
activity alpha-tetra-RONORU, etc. are illustrated. 

[0026] In this invention, an amine is recovered after reaction termination by the direct distillation from reaction 
mixture. The collected amine is reusable for a reaction. The formic acids which remain in the reaction mixture 
used having carried out superfluous addition can be collected as azeotropic mixture with an amine, and can be 
similarly reused for a reaction. Therefore, both the amine itself and formic-acid-amine azeotropic mixture are 
contained in a reusable amine. A catalyst and a product are also separable if needed. Generally as a separation 
method, distillation and recrystallization of a product are performed. 

[0027] Extracting by adding water and an organic solvent after reaction termination is known conventionally, and 
it can separate the alcohol and the reaction agent of a product also by extract. Halogen-containing hydrocarbon 
solvents, such as ester, such as ether, such as aromatic hydrocarbon solvents, such as aliphatic hydrocarbon 
solvents, such as a hexane and a cyclohexane, toluene, and benzene, ethyl ether, and isopropyl ether, and ethyl 
acetate, dichloromethane, and chloroform, are illustrated that what is necessary is just what can perform liquid 
separation actuation as an organic solvent. The extracted product is refined according to general purification 
methods, such as distillation, a column chromatography, and recrystallization. 
[0028] 

[Example] Although an example and the example of a comparison are given and this invention is hereafter 
explained further to a detail, this invention is not restrained by the following examples unless the summary is 
exceeded. In addition, among an example, ee shows the rate of an overenantiomer and S/C shows the mole ratio 
of a substrate to a catalyst. 



[P029] The example of reference 1 catalyst-preparation approach [RuCI2] (cymene) Ethanol 200ml, alpha- 
terpinene 45ml, and 22ml of water were added to 10g of synthetic ruthenium chloride hydrates of 2 (M-2), and 
after carrying out heating reflux for 4 hours, except for the great portion of ethanol, it condensed by vacuum 
distillation. When reduced pressure drying of the crystal obtained by filtration was washed and carried out with 
1:1 mixed liquor of ethanol and a hexane, [RuCI2] (cymene)21 1.5g (92% of yield) of red was obtained. 
[0030] Synthetic (S, S) - diphenyl ethylenediamine 10.6g of (S, S)-p-tosyl diphenyl ethylenediamine (SS- 
TsDPEN, L-2) was dissolved in dichloromethane 100ml, and triethylamine 7ml was added, and it added small 
quantity every, carrying out water cooling of the p-tosyl chloride 9.5g. It filtered, after agitating at a room 
temperature for 2 hours, and insoluble matter was removed, 50ml of water was added and shaken to filtrate, and 
the organic layer was isolated preparatively. Furthermore, after repeating actuation of washing, magnesium 
sulfate was added, and it dehydrated and condensed. When the depositing crystal was carried out the ** 
exception and reduced pressure drying was washed and carried out with 1:1 mixed liquor of dichloromethane and 
a hexane, white (S, S) -p-tosyl diphenyl ethylenediamine 16.6g (90% of yield) was obtained. 

[0031] 2-propanol 150ml and triethylamine 7ml were added to [composition RuCI 2] (cymene) 2 7.66g and (SS)- 
p-tosyl diphenyl ethylenediamine 9.1 6g of an optical-activity ruthenium complex (SS-TsDPEN-Ru, C-1), and it 
agitated at 80 degrees C under nitrogen for 1 hour. It ice-cooled, the depositing crystal was filtered and it 
washed with 1:1 mixed liquor of 2-propanol and a hexane. Furthermore, it washed with water, reduced pressure 
drying was carried out, and 12.6g (79% of yield) of orange crystals was obtained. When the brown solid-state 
which condensed and obtained the filtrate obtained by filtration, removing further the white salt which added 
dichloromethane 30ml after concentration and generated filtrate after removing a crystal was washed with water 
and carried out reduced pressure drying, 5.3g of blackish brown crystals was obtained. 2-propanol 50ml was 
added to this, heating churning was carried out under 10-minute nitrogen at 80 degrees C, the crystal which 
deposited after cooling was filtered, and when reduced pressure drying was washed and carried out with 1:1 
mixed liquor of 2-propanol and a hexane, 1.9g (12% of yield, 91% of sum total yield) of orange crystals was 
obtained. 

[0032] By distilling the solution which mixed triethylamine 1 18g (1.1 7mM) with 135g (2.93mM) of example 1 formic 
acids under reduced pressure, 137g (it is hereafter written as TEAF) of azeotropic mixture was obtained for the 
fraction of 1 19 degrees C of boiling points by 45mmHg. When NMR analyzed, the formic acid in TEAF and the 
mole ratio of triethylamine were about 5:2. 

[0033] 2-propanol 2ml which added calcium hydride to [RuCI2] (cymene)2 12.4mg (0.02mM) and p-tosyl diphenyl 
ethylenediamine 14.7mg (0.008mM), and carried out dehydration distillation, and triethylamine 1 1.2microl (0.08mM) 
were added, and heating churning was carried out under nitrogen at 80 degrees C for 1 hour (catalytic liquid is 
called hereafter). 

[0034] 0.3ml (0.006mM) of catalytic liquid was added to the flask with a volume of 10ml, it decompressed at the 
room temperature, the solvent was removed, and the red solid-state was obtained. TEAFLOml and triethylamine 
0.5ml were added here (a formic acid/triethylamine = 1.43). Furthermore m-trifluoromethyl acetophenone 0.564g 
(3.0mM, S/C500) was added, and it agitated at the room temperature for 25 hours, and when reaction mixture 
was analyzed by HPLC, target S-1-(3-trifluoro methylphenyl) ethanol was obtained at 97.8% of chemistry yield, 
and ee92.2%. 

[0035] When the ratio of examples 2-5 and example of comparison 1 formic acid, and triethylamine was changed 
as follows and also the reaction of 25 hours was performed at the room temperature like the example 1, target 
optical-activity alcohol was obtained by chemistry yield as shown in a table -4, and ee. 
[0036] 
[A table 4] 

S-4 





WEt, N 




e e 




1. 00 


8 9. 8 


9 4. 3 




1. 67 


9 8.7 


9 2.7 




1. 82 


8 6.0 


9 2.2 


mmm5 


2.14 


5 6.8 


94. 0 




2.5 0 


7. 6 


9 3.0 



Et3 N: Triethylamine [0037] TEAF109g, triethylamine 24. 6g (1.26 mol [ of formic acids ] and triethylamine total 
0.75mol, HC02 H/Et3 N=1.69), and m-trifluoromethyl acetophenone 105g (558mM) were added to the 4 opening 
ftask with example 6 volume of 300ml. When SS-TsDPEN-Ru494g (0.777mM) was melted to DMF3ml and having 
been added to reaction mixture, foaming started promptly. Temperature was kept at 30 degrees C, and it 
reacted, pursuing with an optical-activity gas chromatography, and 99% of invert ratios was reached in 25 hours. 
After reaction termination, it put, after adding and agitating isopropyl ether 74g and 66g of 1 convention 
hydrochloric acids. The sewage layer was separated and 79g of brine washed the oil reservoir further 25% of the 
weight. After adding sulfuric anhydride magnesium 13g to the oil reservoir and dehydrating, the salt was removed 
by filtration. Filtrate was condensed, vacuum distillation was performed further and target S-1-(3-trifluoro 
methylphenyl) ethanol was obtained at 95% of chemistry yield, and ee93% by 17mmHg and 100-102 degrees C. 
[0038] Example 7TEAF2ml, triethylamine 2ml (a formic acid / triethylamine 0.98), and m-trifluoromethyl 
acetophenone (it is hereafter written as MTFA) 3.77g (20mM, a formic acid / MTFA=1.16) were mixed, 0.1ml 
(S/C2000) of 1 mol-concentration DMF solutions of SS-TsDPEN-Ru was added here, and it agitated at 50 
degrees C for 5 hours. When the optical-activity gas chromatography analyzed reaction mixture, target S-1-(3- 
trifluoro methylphenyl) ethanol (it is written as S-BA below) was obtained at 96.2% of chemistry yield, and 
ee91.2%. 

[0039] When the ratio of an example 8-13 formic acids, and triethylamine was changed as follows and also the 

reaction of 5 hours was performed at 50 degrees C like the example 7, S-BA was obtained by chemistry yield as 

shown in a table -5, and ee. 

[0040] 

[A table 5] 

5 





*8/Et, N 




e e 




0.6 1 


8 1.4 


9 1.3 




0.7 5 


94. 5 


9 1.0 




0. 8 5 


9 5. 5 


9 1. 1 


mmm i 


1.4 1 


87. 6 


9 1.3 


zmmi 2 


1. 80 


82. 5 


9 1.2 


3 


2. 03 


7 3.5 


9 1.1 



[0041] DMF7.0mL was added for Ru catalyst SS-TsDPEN-Ru to the two example 1420mL(s) opening flask under 
0.891 g (1.40mmol) **** picking and nitrogen, and the catalyst solution was prepared. Triethylamine 282. 3g (2.79 
mols) was put into 1L three-neck flask, and it added small quantity every, cooling 133.9g (99%) (2.88 mols) of 
formic acids under a nitrogen negotiation. When it returned to the room temperature, MTFASOO.Og (2.66 mols) 
and 6.65ml (1.33mmol) of catalyst solutions were added and it agitated under the nitrogen negotiation at 50 
degree C of bus ** for 24 hours, S-BA was obtained at 99.6% of chemistry yield, and ee90.7%. It distilled under 
reduced pressure of this reaction solution, triethylamine 250g was collected by 37-40 degrees C of boiling 
points, and 30 - 147mmHg (95% of recovery), and S-BA477g (97% of recovery) was obtained at ee89.8% by 94 
degrees C of boiling points, and 1 1 mmHg. 

[0042] Triethylamine 3.1 9g (31.5mM) collected in the example 15 example 14, 1.64g (35.5mM) of formic acids, and 
MTFA5.64g (30mM) were mixed, and when 0.1ml (S/C3000) of SS-TsDPEN-Ru0.1 mol-concentration DMF 
solutions was added and it agitated at 50 degrees C for 24 hours, S-BA was obtained at 99.9% of chemistry yield, 
and ee92.4%. 

[0043] SS-TsDPEN-Ru1.7mg (2.67microM), MTFALOg (5.4mM), and triethylamine 0.19ml (1.3mM) were mixed to 
1610ml three-neck flask of examples. 0.05ml (1.3mM) of formic acids was added agitating reaction mixture at 50 
degrees C. Pursuing a reaction with a gas chromatography, the formic acid of tales doses was added 4 times 
every other hour, and the formic acid of 0.25ml of composition was added in 4 hours. S-BA was obtained at 
98.3% of chemistry yield, and ee89.5% 5 hours after. In addition, transition of the formic acid / amine ratio in the 
formic-acid input in this example and a system is shown in a table -6. 
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4. 6 




4.67 


1.83 


1.41 


5. 1 




5 . 0 5 


1.45 


1.11 


5.4 




5.26 


1.24 


0.95 
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[Effect of the Invention] According to this invention, it is high chemistry yield in the smaller amount of catalysts, 
and optical-activity alcohol can be manufactured by high ee, and it is advantageous in the industrial manufacture. 
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